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INTRODUCTION 
 
 Newly aflatoxin-suspected severe illness and dramatic deaths of dogs occurred in the 
USA 2003 and 2005: More than 100 dogs apparently died. The manufacturer issued a recall 
of several products at a plant in South Carolina. The European Commission was immediately 
informed. 
Over the last decade, the importance of domestic pets in developed countries has grown 
dramatically. As an example from the European Union, in Austria cats are kept in more than 
28% of households, followed by dogs in 16% of households 
The adverse effects of fungal toxins have been well documented in many species of 
animals, particularly farm animals.  
 
AFLATOXINS 
 
For the most toxic compound within the aflatoxin family, aflatoxin B1, maximum 
regulatory limits in the European Union have been defined as 10 µg/kg in complete feedstuffs 
(Council Directive 1999/29/EC). The US Food and Drug Administration has established an 
action level (FDA Regulatory Guidance for Toxins and Contaminants) of 20 ppb for corn, 
peanut products, cottonseed meal, and other animal feeds and feed ingredients. 
Aflatoxins are toxic secondary metabolites of Aspergillus spp., such as A. parasiticus 
and A. flavus. Aflatoxins have been shown to be the cause of aflatoxicoses in livestock, 
domestic animals, and humans throughout the world. Due to their high toxicity and 
carcinogenicity, aflatoxins have received greater attention than other mycotoxins.  
In the 1950’s, before "Turkey X disease" was reported 1960, epizootics of fatal hepatitis in 
dogs were diagnosed provisionally as hepatitis X.  
Since then, experimental studies have proven that the dog is susceptible to hepatic 
damage due to aflatoxins. In addition to hepatitis and sudden death, symptoms of acute 
aflatoxicoses in both dogs and cats include vomiting, depression, polydipsia, and polyuria. 
Pathological examinations of such animals revealed enlarged livers, disseminated 
intravascular coagulation, and internal haemorrhaging. In subacute aflatoxicosis (0.5–1 mg/kg 
pet food) administered over 2-3 weeks, dogs and cats became lethargic, anorexic, and 
jaundiced. This was followed occasionally by disseminated intravascular coagulation and 
death. In chronic aflatoxicoses, as defined by doses of 0.05 – 0.3 mg/kg of pet food 
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administered over 6-8 weeks, dogs and cats showed clinical signs similar to those for the 
subacute phase, but jaundice was the predominant manifestation. Histopathology of animals 
with chronic aflatoxicoses revealed shrunken livers with extensive fibrosis which correlates 
with the hepatotoxic effects of aflatoxins observed in many animal species, including dogs. 
Frequently observed clinical signs of experimentally induced aflatoxicosis in dogs include 
anorexia, followed by dehydration, somnolence, and jaundice. Gross pathological changes 
included subserosal and submucosal petechial haemorrhages throughout the thoracic and 
peritoneal cavities and yellow, mottled livers. Necrosis and petechial haemorrhages in the 
gall-bladder, pancreas, kidneys, thymus, heart, and adrenal glands have also been described. 
Microscopically, acute hepatitis characterized by fatty degeneration and hepatic cell necrosis, 
as well as bile duct proliferation, fibrosis, and hepatic cell regeneration also has been 
observed. 
An outbreak of chronic liver disease was reported in a kennel of dogs. Anorexia, 
depression, polyuria, polydipsia, icterus and a terminal haemorrhagic diathesis were noted. 
Thrombocytopenia, hypofibrinogenemia, elevated fibrinogen degradation products, prolonged 
activated partial thromboplastin times, and one-stage prothrombin times were associated with 
haemorrhagic crises. Aflatoxicosis was confirmed by the presence of significant levels of 
aflatoxin B in the commercial dog food being fed. In addition, a subacute hepatitis was found 
on necropsy. 
A case with descriptions of high morbidity and mortality was observed in hunting dogs. 
Clinical signs included icterus, anorexia, and listlessness; and additional laboratory 
examinations revealed toxic hepatitis, bilirubinuria, and anemia. The diagnosis was confirmed 
by the analysis of aflatoxin B1 in tissues. The authors reported a second case of a dead Beagle 
which had been fed a ration containing cornmeal contaminated with 511 ng aflatoxin B1 and 
B2/g (ppb) of feed. 
A report was about the episode in Texas 1998 where 17 brand of commercial food 
formulated for dogs were contaminated with aflatoxin B1 between 150 and 300 ppb. Fifty-five 
dogs died from eating the contaminated food, but it is likely that many more went unreported. 
Most affected dogs had eaten the contaminated diet for 90 to 120 days. Hot spots of high 
aflatoxin concentrations in corn were identified to escape a normal control test. The authors 
suggest that case when high aflatoxin levels in corn were evident 1998 a second line of 
defense may have prevented the disaster. It is known that hydrated sodium calcium 
aluminosilicate (HSCAS) can reduce the absoption of aflatoxins in the gut of animals. 
HSCAS sequesters and immobilizes aflatoxins in the gastrointestinal tract of pets, thus 
reducing the bioavailability of aflatoxins in a dose-dependent manner. HSCAS is a special 
structured clay and is used as an anticaking commercial feed additive. It is recommended to 
mix 0,5 % of HSCAS into the diet. As conclusion the authors establish that it is the most 
effective control measure against the toxic effects of aflatoxins to prevent conditions that 
result in mold growth and contamination.  
The statement about the HSCAS was given that it may provide the pet food industry 
further assurance of canine diet safety. Dogs were fed with low aflatoxin dose and the 
metabolites of aflatoxin were significantly reduced in urine when HSCAS was fed in the diet. 
A documentation of the dog exists about the aflatoxicosis in the USA in 2005. More 
than 100 dogs apparently died as a result of the toxic effects of contaminated products. The  
FDA tested and confirmed the aflatoxin contamination. The manufacturer issued a recall of 19 
products produced at a plant in South Carolina. Recall instructions advised pet owners to 
discontinue feeding the product and to return bags of food to their retailer. Concerned pet 
owners were instructed to consult a veterinarian if their dog had clinical signs that included 
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loss of appetite, yellow coloration of white skin and eyes, severe vomiting combined with 
bloody diarrhea, discolored urine, and fever. All consumers and veterinarians became 
informed about the contamination. This report highlights the need for rapid recognizing of the 
adverse events involving consumption of contaminated foods and the need to contact the 
appropriate groups involved. 
Mycotoxicosis are rare but ruthless. The main declaration is that studies of mycotoxins 
have almost exclusively addressed individual mycotoxins, ignoring the real field conditions 
where multiple mycotoxins are co-produced by molds. Reports about several chronological 
aflatoxicosis in dogs where the feeding of 50-300 ppb aflatoxin B1 over a period of 6-8 weeks 
may cause chronic aflatoxicosis and chronic intake of low amounts of aflatoxin in feed (20-
100ppb) may also cause immunosuppression and immunosuppressed pets will not respond to 
regular vaccinations. Cancer is another long-term effect of aflatoxins. 
The high morbidity and mortality rate associated with outbreaks of aflatoxicosis and the 
failure of dogs to respond to symptomatic treatment often prompts practitioners to refer dogs 
or submit specimens to veterinary hospitals and diagnostic laboratories. An immediate ration 
change is indicated in most cases of toxic hepatitis pending analysis of the feed.  
In contrast, no natural outbreaks of aflatoxicoses have been reported in cats. This may 
be due to the fact that cat food rations contain mainly meat and meat products (approximately 
70%) and lower amounts of cereals (approximately 30%). 
The introduction of strict quality control and quality assurance of incoming material in 
the pet food industry, and the development of accurate screening methods for animal food in 
recent years has led to a vast reduction in the amounts of aflatoxin B1 in pet food. 
Consequently, there have been only occasional reports of aflatoxicoses in dogs recently. 
 
OCHRATOXIN A 
 
Ochratoxin A (OTA) is one of the important mycotoxins because of its high toxicity. It 
is a potent nephrotoxic fungal secondary metabolite produced by various moulds including 
Aspergillus ochraceus and Penicillium verrucosum. OTA is widely distributed in Europe and 
North America and has been identified as a natural contaminant of agricultural commodities, 
apparently causing porcine nephropathy following degradation of the proximal tubules and 
interstitial fibroses. 
Young Beagle dogs have reacted very sensitively towards OTA. A daily oral dose of 0.2 
and 0.3 mg/kg body weight represents a deadly amount within 10 to 14 days of 
administration. The following clinical signs were observed at this dose level: loss of appetite, 
vomiting, tenesmus, increased body temperature, tonsillitis, bloody viscous feces, polydipsia, 
polyuria, dehydration, paralysis, and death.  
The pathological disturbances were associated with kidney damage. For instance, the 
specific weight of the urine was lowered. In addition, the cell counts in the sediment, the 
protein and glucose levels, and the activities of lactate dehydrogenase, leucinaminopeptidase, 
glutamate pyruvate transaminase, and alkaline phosphatase were all increased. However, 
serum enzyme activities were not altered. Serum sodium and potassium levels were reduced 
as a consequence of the toxicosis. Finally, secondary dehydration, haemoglobin 
concentration, total proteins, and the haematocrit were increased. Gross dissections revealed 
pale brownish kidneys, hyperemic tonsiles, and viscous bloody enteritis of the distal ileum, 
cecum, colon, and rectum. Additional edemas and hyperemic and partial necrotic lymph 
nodes were also noted. Necrosis and desquamation of epithelial cells from the proximal renal 
tubules were observed. Ultrastructural changes such as proliferation and dilatation of the 
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endoplasmic reticulum of the proximal epithelial tubuli cells were noticed 
In another study dogs were observed pacing and vomiting at an OTA dose of 0.2 mg/kg. 
At doses between 0.2 and 3.0 mg/kg, symptoms of intoxication in dogs included anorexia, 
polydipsia, polyuria, anxiety, prostration, and death. Necropsy findings included epithelial 
degeneration (proximal tubules), mucohaemorrhagic enteritis (cecum, colon, and rectum), and 
necrosis of the lymphoid tissues (spleen, tonsil, thymus, and peripheral lymph nodes). OTA, 
dosed alone or in combination with citrinin, was administered to young Beagle dogs for 2 
weeks. The effects observed were similar to those described above, but in combination-treated 
subjects the mortality rate was increased and clinical signs were more dramatic. That is, a 
synergistic toxic effect was observed when OTA and citrinin were administered together. 
A case of fading puppy syndrome was reported in Germany in Afghan puppies 
following the feeding of OTA-contaminated milk powder. Clinical signs appeared a few 
hours after the first feeding of the milk powder. Pathological and histological findings 
suggested canine herpesvirus as the most probably cause of the syndrome. An association 
between the intake of the low OTA contaminated feed, a possible dysbiosis and the 
manifestation of the multicausal viral infection is discussed. 
 
THE OCCURRENCE OF OTA IN AUSTRIAN PET FOODS 
 
2001 we have investigated 26 canned and 17 dry pet foods for cats and dogs; and 26 
feline kidney samples with and without pathological changes were surveyed for OTA 
residues. The separation and detection of OTA was carried out by an isocratic HPLC system 
based on reverse phase with fluorescence detection. After homogenization and extraction 
steps, immuno-affinity columns were utilized for sample clean up. OTA could be detected in 
47% of the pet food samples. Those that were positive generally contained low amounts of 
OTA (0.1 – 0.8 µg/kg pet food). Higher levels were only detected in two petfood samples (3.2 
and 13.1 µg/kg). Low concentrations of OTA could also be found in cat kidneys, 16 of which 
were positive. The concentration levels found were between 0.35 and 1.5 µg/kg. No 
correlation between pathological findings and OTA levels in feline kidneys could be assessed. 
2003 we investigated 101 feline kidneys with and without pathological alterations and 
determined the OTA residue burden. Homogenization, extraction and immunoaffinity 
columns were used for sample clean-up. An HPLC/fluorescence method was used to 
determine OTA. Thirty-nine kidneys were OTA positive. Minor OTA contents in the range of 
0.11 to 0.3 µg/kg were identified in 23 cases, in 16 samples the range was 0.31 to 5.18 µg 
OTA/kg. No significant correlation was found between the occurrence of OTA in feline 
kidneys and pathological changes based on the analysed samples. Additionally, 55 pet foods 
for cats, 45 canned and 10 dry foods, have been investigated. Fourteen pet foods showed 
positive levels of OTA in the range 0.11 to 2.17 µg/kg original substance. Seven of 45 canned 
pet foods and seven of ten dry pet foods showed positive OTA contents. The detection limit 
of OTA both in feline kidneys and pet foods for cats was 0.1 µg/kg.  
2004 we investigated the occurrence of OTA in dog foods. Seven out of 29 dry foods 
and two out of 11 wet foods were contaminated between 7 – 40 and 54-115 ppb and the 
detection limit was 1,9 ppb. The OTA positive dry food samples were contaminated with 
DON.  
 
FUSARIOTOXINS TRICHOTHECENES (TCT) 
 
In Europe, infection of agricultural crops with Fusarium spp. has been of major 
concern. Many factors such as temperature, rain fall, and the type of host plant influence the 
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distribution of Fusarium spp. in cereals. The importance of these toxigenic Fusaria is due to 
“Fusarium Head Blight” and “Giberella Ear Rot”, two diseases with huge economical 
consequences. Moderate temperatures are required for Fusarium growth and toxin production.  
Trichothecenes (TCT) are secondary metabolites of Fusarium moulds, one of the major 
contaminants of cereal crops. TCT are often found in cereals such as maize, barley, wheat, 
and oats grown in regions with temperate climates. Commercial dry pet foods could contain 
large amounts of TCT-contaminated grain and grain by-products. They can be divided into 
subclasses based on their chemical structure. Ingestion of TCT by animals may lead to weight 
loss, decreased feed conversion, feed refusal and vomiting. Furthermore, TCT can inhibit 
protein synthesis and have immunosuppressive effects. A-type trichothecenes are more toxic 
than B-type trichothecenes, since they have a dermatotoxic effect, and lead to necrosis and 
haemorrhage of the intestinal mucosa. 
The most important trichothecenes are deoxynivalenol (DON) or vomitoxin, nivalenol 
(NIV), T-2 toxin, and diacetoxyscirpenol (DAS). B-trichothecenes such as deoxynivalenol 
(DON) mainly lead to feed refusal and vomiting.. Toxin stability is of particular concern 
because DON is stable under normal food processing conditions such as sterilisation at 120 
°C autoclaving, or extrusion cooking. 
Type A-TCT (T-2 toxin, DAS) have extremely toxic effects on skin and mucous 
surfaces and can induce lesions on the mucosa of the mouth and oesophageal region of 
poultry and pigs. The most toxic trichothecene is T-2 toxin, which has been reported to cause 
dermatitis of the nose and buccal commissures of pigs. The immunotoxicity of type A-TCT, 
especially that of T-2 toxin, has been investigated and type A-TCT were found to be less 
immunotoxic than the type B-TCT. 
T-2 toxin was administered to cats per os to evaluate the suitability of this species as a 
model for the human disease, alimentary toxic aleukia. The resulting chronic lethal 
intoxication was characterized by pancytopenia, haemorrhagic diatheses, bone marrow 
aplasia, diminished haemostasis, severe lymphatic tissue alterations, and histopathologic 
changes in proliferative tissues. Clinical signs included vomiting, bloody feces, weakness, 
lassitude, ataxia, dyspnea, dehydration, loss of weight, and pre-terminal anorexia. The clinical 
course, haematologic picture, and both the gross and microscopic tissue changes seen in the 
experimentally produced disease in cats were similar to alimentary toxic aleukia, a frequently 
fatal mycotoxin-induced disease of man. 
Moderate to severe necrosis of bone marrow haematopoietic elements were observed in 
dogs treated with DAS. The sequential increase in the type and number of abnormal cells in 
the blood was noted, which indicated a successive destruction of haematopoietic elements. A 
marked left shift in the neutrophil population was found in animals given DAS. Metarubicytes 
and large platelets were found in blood, and lymphocytes were replaced with immature cells.  
The authors suggest that the order of species sensitivity to DAS was: pigs greater than 
dogs much greater than cattle. Residue studies of DAS and rapid recovery after exposure 
suggest that DAS is quickly metabolised and excreted. 
 
DON IN CATS AND DOGS 
 
DON and other trichothecenes have been found to be highly toxic in animals if present 
in feed. These mycotoxins can result in sublethal toxicosis in lower doses, causing clinical 
effects such as reduced weight gain, emesis, and diarrhoea. The mechanisms of toxicity have 
been shown to be due to inhibition of protein synthesis, which results in cell death. 
Gastrointestinal haemorrhage and vomiting are acute signs; weight loss and loss of appetite 
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are chronic sequelae. Clinical reports of natural intoxications with TCT have not been 
reported as yet. 
There are no specific gross or histologic lesions associated with TCT mycotoxicosis. 
Exposure is confirmed by the detection of TCT mycotoxins in suspected contaminated feed. 
Clinical signs of DON toxicosis subside rapidly once the contaminated feed is removed.  
Experimental feeding trials with DON in dogs and cats were conducted to determine the 
dietary amounts of DON in food that are required to produce overt signs of toxicity (e.g., 
vomiting or reduced food intake). The authors have elaborated toxicity and metabolism 
studies with Beagles and Brittany Spaniels. Food intake was significantly reduced at DON 
concentrations of 4.5 mg DON per kg food. Naturally contaminated wheat containing 37 mg 
of DON/kg and 15-acetylDON at 1mg/kg was used to manufacture pet foods with levels of 0, 
1, 2, 4, 6, 8, and 10 mg of DON/kg. No other Fusarium toxins were detected in these diets. In 
this study DON was found to be stable during conventional extrusion processing. Dogs 
previously fed DON-contaminated food were able to select preferentially uncontaminated 
food. Dog food intake was significantly reduced by DON concentrations greater than 4.5 
mg/kg. Vomiting by dogs was observed commonly at levels of 8 and 10 mg DON / kg food. 
In another study the same contaminated wheat was fed to groups of two to seven mature 
American shorthair cats that were 1-9 years old for 14 days. Cat food intake was significantly 
reduced when it contained DON exceeding 7.7±1.1 mg/kg (equivalent to 0.38 mg/kg body 
weight per day). For cats DON concentrations greater than 7.7 mg/kg reduced food intake. 
Vomiting was common at the highest concentrations of 8 and 10 mg of DON/kg. 
2004 the occurrence of DON in 40 dog foods (29 kibble food and 11 canned food) from 
Austria and German retail stores was investigated. Dry food samples were found positive 
between 22 – 1837 ppb DON and 8 canned foods were below the detection limit (19 ppb). 
The higher concentrations of DON in dry food suggests that there the cereal amount is higher 
than in canned food. 7 out of 29 dry food were also cocontaminated with OTA. 
Experiments with mature Beagle dogs were: A blend of grains (corn and wheat) 
naturally contaminated with Fusarium mycotoxins (4 ppm) was fed for 7 days in the 
challenge period. The result was a significant decrease in the feed intake and a slight decrease 
in the body weight. It was concluded that feeding grains naturally contaminated with multiple 
Fusarium toxins (DON, 15acetyl-DON and zearalenone) was sufficient to cause a decrease in 
the feed intake and body weight of adult Beagle dogs, but was not toxic enough to induce 
vomiting. The occurrence of watery feces suggest the diarreic effect of low-level Fusarium 
mycotoxins on dogs. The provision of non-contaminated feed caused a rapid recovery. 
While aflatoxins, ochratoxins, and various Fusarium mycotoxins pose important health 
threats to dogs fed cereal-based pet foods in the market, the application of new screening 
protocols, cereal processing techniques, dietary supplementation and mycotoxin-sequestering 
agents offer solutions for the pet food industry . 
 
RECENT ANALYSIS OF DRY DOG FOODS PURCHASED IN AUSTRIA 2007 
 
The survey was undertaken to evaluate the level and frequency of deoxynivalenol, 
zearalenone, fumonisins, aflatoxins and ochratoxin A in dry dog food. 76 different dry dog 
foods from different producers were purchased from markets, supermarkets and special 
petfood markets.  
Quantitative analysis was carried out on all samples (n=76) by the ELISA technique 
with the use of commercial kits (Veratox®, Neogen, UK; distributed in Austria by Noack). 
The detection limits for Af, OTA and Fum were 0.5, 1 and 50 ppb. Those for DON and ZEA 
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were 10 ppb.  
Then ELISA results were confirmed using a high performance liquid chromatography 
(HPLC) method in combination with an immuno-affinity column for clean-up (some negative, 
some with middle high concentrations and highly positive samples). The detection limit for 
ZEA was 20 ppb, for DON 25 ppb.  
 
RESULTS AND DISCUSIONS 
 
The survey indicated that most of the bought dog food is contaminated with the 
mycotoxins, which play an important role in Austria and Europe. DON was the mycotoxin 
with the highest incidation and highest concentrations. 97% of all samples tested of DON 
were positive and the concentrations ranged from 0 – 1386 ppb. There were 36 samples (47%) 
with ZEA contamination in the range of 0 – 664 ppb. 32 samples (42%) were contaminated 
with fumonisins. They showed concentrations up to 568 ppb. Four samples (5%) showed a 
contamination with ochratoxin A. The concentrations of these positive samples were low. 
None of the samples could be tested positive for Af. 
 
CONCLUSIONS  
The problem of mycotoxin contamination is generally complex. Aspergillus spp., 
Fusarium spp., and Penicillium spp. may produce several different types of mycotoxins, and 
contamination might occur anywhere in the production chain of cereals, soybean meal, corn, 
other grains, and their by-products. Normally, high temperatures of extrusion processing or 
canning cannot be relied upon to destroy possible mycotoxin contaminations in pet foods. As 
expected, uncleaned grain is more likely to be contaminated with mycotoxins than cleaned 
grain. Aflatoxins, ochratoxins, as well as fusariotoxins such as zearalenone, deoxynivalenol, 
and fumonisins are common mycotoxins and all of them can be found in pet foods. Austrian 
dog food is contaminated with at least one mycotoxin. Some samples showed very high 
concentrations and high incidences. Source of the mycotoxin load in dry dog foods seem to be 
ingredients such as Fusarium contaminated cereals. 
Since all mycotoxins affect animal health, they should be of concern to all pet owners. 
Dose and time of orally ingested mycotoxins relate to the severity of the diseases. Usually 
toxicosis is associated with a combination of stress and infection, which give rise to a variety 
of severe diseases classified as mycotoxicoses. Not unexpectedly, the symptoms of 
mycotoxicosis in pets are very similar to those seen in farm animals.  
Different mycotoxins affect different organs and tissues. Thus, combinations of 
mycotoxins may produce undesirable synergistic effects on animal health, which have not 
been fully characterized yet, and thus merit further attention. One of the major sequelae of 
mycotoxins, and of greatest concern long-term, is their possible carcinogenicity (aflatoxins, 
fumonisins). This aside, although acute mycotoxicoses rarely occur, chronic mycotoxicosis is 
more common and leads to increased susceptibility to infectious diseases, damage to the liver, 
kidney, and reproductive organs, poor coat condition, anorexia, feed refusal, vomiting, and 
lethargy. 
Fortunately, because strict quality control standards are practiced at most pet food 
manufacturing plants in Europe, including careful screening of in-coming ingredients and 
thorough cleaning of equipment, mycotoxin contamination of pet food is low and frequent. 
Additionally, the widespread use of screening techniques and proper storage of feedstuffs has 
reduced the incidence of outbreaks associated with commercial feed consumption.  
(Bilbliography: with the author) 
